Hypothesis: Physically active occupations may protect against the risk of abdominal obesity. Objectives: This study assessed the interaction between non-occupational physical activity (NOA) (leisure-time, transport and domestic activity) and occupational activity (OA) in relation to abdominal obesity. Methods: A total of 3539 adults over the age of 20, with no work limitations, employed in one of the 17 occupations classified as low OA (LOA) or high OA (HOA) were identified in the 1999-2004 National Health and Nutrition Examination Survey. Waist circumference (WC) was used to categorize individuals into either non-obese or abdominally obese (WC488 cm in women and 4102 cm in men) categories. NOA was divided into three categories based upon physical activity guidelines: (1) no NOA; (2) insufficient NOA; and (3) sufficient NOA. Logistic regression was used to examine possible associations between NOA, OA and abdominal obesity. Results: In those who are sedentary outside of work, a high-activity occupation reduces the odds risk ratio of being categorized with abdominal obesity to 0.37 in comparison with those who work in low-activity occupations. For people working in lowactivity occupations, there was a clear association with activity outside of work and the odds risk ratio of being categorized with abdominal obesity. In these adults, a reduced odds ratio was found only among those who met the physical activity guidelines through NOA (odds ratio ¼ 0.55; 95% confidence interval (CI) ¼ 0.40-0.75). Conclusion: HOA is associated with a reduced risk of abdominal obesity. Thus, it is important to include OA in studies seeking to understand the association between physical activity and abdominal adiposity.
Introduction
Physical activity is increasingly recognized as an important factor influencing health and disease status. Unfortunately, one-third of adults in United States are not active at levels associated with the promotion and maintenance of health. 1 Approximately 25% of the population engages in no leisuretime physical activity (LTPA) on a daily basis. 2 The benefits of physical activity need not be restricted to 'exercisers' who purposefully engage in LTPA. There are positive health benefits (that is, lowering all-cause mortality, lowering cardiovascular mortality, improving function and enhancing quality of life) associated with all forms of physical activity. [3] [4] [5] Individuals may accrue physical activity through lifestyle activities, such as occupational activity (OA), housework and walking or bicycling for transportation. 6 Most Americans participate in everyday activities, such as yard work, household cleaning and occupations requiring some physical exertion on a regular basis. These activities of daily living (such as occupational or household activities) are the greatest contributors to most Americans' total physical activity related energy expenditure. 7 The LTPA habits of individuals in different occupations can vary substantially, 8 much like the physical demands of one occupation can be very different from another. Therefore, the inclusion of all domains of physical activity, (LTPA, transportation, household and occupational activities) allows for a more accurate estimate of the prevalence of Americans meeting the recommended levels of physical activity. 7, 9 The incorporation of occupational physical activity into the measurement of total physical activity is still in its infancy, 10, 11 but including it provides a more complete account of the protective benefits of physical activity. 12 The prevalence of obesity in adults of United States has risen from 11.6% in 1990 (ref. 13 ) to 33.8% in 2008 (ref. 14) . A key component of obesity is abdominal fat deposition, 15 with waist circumference (WC) being strongly linked to obesity-associated risks. 16 data from the National Health and Nutrition Examination Survey (NHANES) III (1988 III ( -1994 , observed that the likelihood of being obese was 50% less for those who acquired sufficient LTPA, compared with those who performed no LTPA. In their study, sufficient LTPA was defined as five or more bouts per week in accordance with the recommendation for frequency of physical activity. 20 King et al. 9 also
showed that individuals who reported having high-activity occupations were less likely to be obese, compared with those with low-activity occupations. Therefore, this study expands upon the work by King et al.
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using the most recent data from NHANES (1999) (2000) (2001) (2002) (2003) (2004) , which allows researchers to determine metabolic equivalent (MET)-minutes per week (a measure of energy expenditure), thus providing a more comprehensive look at physical activity. The purpose of this study was to determine whether non-occupational physical activity (NOA) (determined from the sum of leisure time, transportation-related and domestic physical activity) and OA are related to abdominal obesity categorization.
Methods
The national health and nutrition examination survey The NHANES is a continuous survey conducted by the National Center for Health Statistics (NCHS) designed to assess the health and nutritional status of citizens in the United States over the age of 2 months. 21 Previously published work provides a detailed description of the data collection methodology of the NHANES.
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Sample Public-use data files are released by the NCHS at the Centers for Disease Control and Prevention in 2-year cycles with standardized methodology and measures allowing researchers to concatenate data files to create multi-year samples. 22 The NCHS Research Ethics Review Board has approved all protocols and each subject in this study gave informed consent. 22 The current study utilized data from the interview 
Non-OA assessment
Through an interview process using a physical activity questionnaire, three domains of physical activity were assessed: daily transportation, domestic and leisure-time activities. Respondents identified the number of times in the past 30 days that they walked or bicycled for transportation, participated in moderate-intensity activities while around the home, and participated in moderate-or vigorous-intensity LTPA, including exercise, sports and physically active hobbies (jogging, running, bicycling, swimming, dance, golf, gardening, yard work, weight lifting and so on). 22 Duration was quantified for each specific activity and activities lasting o10 min were excluded. 22 Finally, each activity was designated a MET score based on the compendium of physical activities. 24 METs are a unit used to describe the energy expenditure of a specific activity, where one MET ¼ 3.5 ml kg À1 min À1 .
Responses from the NHANES physical activity questionnaire were combined to create a new variable: NOA. NOA was recoded into three categories: 'no NOA,' 'insufficient NOA' and 'sufficient NOA'. Respondents who did not report any MET-minutes per week were coded as having 'no NOA', those who accumulated between 1 and 499 MET-minutes per week of NOA (median ¼ 254.3; 95% confidence interval (CI) ¼ 236.8-259.6) were coded as having 'insufficient NOA', and individuals who accumulated 500 or more MET-minutes per week of NOA (median ¼ 1466.6; 95% CI ¼ 1372.1-1559.3) were coded as 'sufficient NOA'. The definition of sufficient NOA (X500 MET-minutes per week) was chosen to correspond with the most recent physical activity guidelines for Americans to promote and maintain health in adults. 6 
OA assessment
The NHANES database classifies 498 reported occupations into 40 occupational groups based on the 2000 census indexes of industry and occupations. [25] [26] [27] Using a nominal group process among a scholarly committee, the 40 occupational categories in the NHANES database were reclassified into those requiring: (a) HOA, (b) LOA, or (c) uncertain amount of OA. Using the current occupation description of the United States Department of Labor as a reference, 28 this committee confirmed the occupational classifications originally created and used by King et al. 9 Occupations were labeled as uncertain if the activity level was too ambiguous to classify. A total of 17 occupational categories, containing 119 occupations, were identified as either HOA or LOA (7 and 10 categories, respectively). The occupation categories created by King et al. 9 have been used in research by
Brownson et al. 29 and can be found in Table 1 .
The three NOA categories (no NOA, insufficient NOA and sufficient NOA) from the physical activity assessment were combined with the two levels of OA (LOA and HOA) from the OA assessment to create the six potential combinations of the primary independent variable: total physical activity.
Statistics
To account for the complex sampling design utilized by the NHANES, SUDAAN SAS-callable software was used for actual data analysis. 30 This study calculated a 6-year sampling weight used for all analyses following the recommended guidelines from the NCHS. 21 Within the available SUDAAN procedures, PROC DESCRIPT was used to calculate all ageadjusted prevalence values and 95% CI for abdominal obesity prevalence across all sub-populations. In all, 95% CIs are reported to allow the reader to determine if significant differences exist between categories within subpopulations. The dependant variable was abdominal obesity. The primary independent variable was total physical activity (combinations of NOA and OA levels). Six possible combinations of NOA and OA were coded for analysis. Covariates that were statistically controlled included age, gender, raceethnicity, education, household income and smoking status.
To calculate the odds ratio of being categorized with abdominal obesity independent of statistically controlled variables, a logistic regression model was applied to the dataset using the SUDAAN procedure, PROC RLOGIST. The referent group was non-Hispanic White men, 20-29 years of age; with at least a high school degree; married or living with a partner; household income over $25 000; who had never smoked. The no NOA/LOA group served as the referent group for the NOA and OA interaction.
An explanation for the unequal number of subjects across tables (Tables 2-4) is the result of missing data from various covariate variables utilized within modeling procedures. Specifically, in Table 2 , the NOA (N ¼ 3520), which has 19 missing data points, can be explained by the fact that 19 respondents with HOA or LOA did not report any level of NOA. We did not use missing NOA data (N ¼ 19) as an exclusion criterion. Also, Table 3 specifically deals with the interaction of the OA and NOA variables and is limited to the sample size of the variable with the smallest N, NOA (N ¼ 3520), which is described above. Finally, in Table 4 , to calculate the odds risk ratio through logistic regression, our model required complete data on all variables going into the model. As such, based on this missing data, there were only (N ¼ 2985) individuals who worked in LOA or HOA occupations with complete data on all other covariates of interest in this study that could be used in this modeling procedure.
Results
As a whole, 46.4% of the population had abdominal obesity (38% of men and 57% of women (Table 2) ). The average WC of the total sample was 96.7 cm (s.e., 0.26) (99.0 cm (s.e., 0.26) for men and 92.7 cm (s.e., 0.34) for women). The prevalence of individuals categorized with abdominal obesity generally increased with age. The prevalence of individuals categorized with abdominal obesity was higher in those with LOA levels (47.8%) compared with those with HOA levels (41.8%). The average WC for those with LOA was 95.7 cm (s.e., 0.38) and 94.6 cm (s.e., 0.47) for those with HOA. The prevalence of abdominal obesity was higher in Table 3 according to OA and NOA levels. Approximately 58% of all those with LOA and no NOA were categorized with abdominal obesity compared with 31.8% of all those with HOA and no NOA. Of those with LOA and insufficient NOA, 57.0% were categorized with abdominal obesity, compared with 45.5% of all those with HOA and insufficient NOA. In individuals who met the physical activity guidelines through NOA, the prevalence of categorized abdominal obesity was almost identical (43.5 and 42.4%) in HOA and LOA, respectively.
Independent of OA and NOA levels, the likelihood of being categorized with abdominal obesity was linked to several lifestyle and socio-cultural factors ( Table 4 ). The overall logistic regression analysis model was found to be highly significant (Po0.0001). Compared with non-Hispanic Whites, non-Hispanic Blacks were 39% more likely to be categorized with abdominal obesity after adjusting for all other factors (P ¼ 0.023). Living with a partner was associated with an increased likelihood of being categorized with abdominal obesity (P ¼ 0.02). In addition, it was found that after controlling for all other factors, the odds of being categorized with abdominal obesity was not affected by smoking status (P ¼ 0.94), education (P ¼ 0.35), or income (P ¼ 0.42).
OA and NOA showed strong inverse associations with abdominal obesity categorization (Table 4 and Figure 1) . Regardless of NOA, those with HOA were at least 37% less likely to be categorized with abdominal obesity compared with those with no NOA/LOA. For people in low-activity occupations, the only significant reduction in odds of being categorized with abdominal obesity came when they met physical activity recommendations through NOA (odds ratio ¼ 0.55; 95% CI ¼ 0.40-0.75).
Discussion
A new finding of this cross-sectional study is that OA and NOA are both inversely related to being categorized with abdominal obesity. Individuals in high-activity occupations have a reduced likelihood of being categorized as abdominally obese, compared with those in low-activity occupations. For individuals with insufficient or no NOA, the likelihood of being categorized with abdominal obesity is reduced by about one-half if one has a high-activity occupation (Table 4 and Figure 1) .
Compared with those who are sedentary both at work and outside of work, a high-activity occupation reduced the likelihood of being categorized with abdominal obesity by 40% even when NOA was insufficient. The importance of regular NOA is highlighted when examining those who met the physical activity recommendation outside of work. The Abbreviations: CI, confidence interval; HS, high school; Insufficient NOA, between 1 and 499 MET-minutes per week; K, 1000; NOA, non-occupational physical activity; no NOA, 0 MET-minutes per week; s.e., standard error; sufficient NOA, X500 MET-minutes per week; WC, waist circumference. Because of missing data, Ns may not be equal to total N.
Physical activity and abdominal obesity JA Steeves et al likelihood of being categorized with abdominal obesity was at least 42% less in individuals meeting the physical activity recommendation outside of work, regardless of the level of OA. Furthermore, there appears to be a threshold effect on the risk reduction in individuals who get sufficient amounts of physical activity outside of work, which does not seem to be affected by their level of OA. There was no evidence of an additive effect protecting against being categorized with abdominal obesity when these two sources of physical activity (NOA and OA) were tallied together. Another interesting finding of this study, which contradicts historical perceptions about the influence of socio-economic status on obesity, was the lack of association between income and education on obesity. It must be noted that this sample of low-income individuals was not representative, because it did not include individuals who were unemployed. This probably resulted in a truncated income variable, and may explain the lack of association between those with lower socio-economic status and abdominal obesity.
King et al. 9 found that high levels of OA were associated with decreased likelihood of obesity, but a key component (duration of activities) was missing in NHANES III.
The present cross-sectional study uses recent data from the NHANES (1999) (2000) (2001) (2002) (2003) (2004) , which allows for a more comprehensive ability to calculate MET-minutes. By using the frequency, intensity and duration of bouts, we were able to Physical activity and abdominal obesity JA Steeves et al compare the combined effects of varying levels of physical activity outside of work on the prevalence of abdominal obesity, a major risk factor for cardiovascular disease and contributor to a number of chronic pathologies. Within the context of this study, there are several key limitations that should be considered. First, NHANES is a cross-sectional study; hence, we cannot draw any conclusions about causality. This means that the inverse association between OA and abdominal obesity has two possible explanations. Although it is plausible that higher activity occupations provide protection against abdominal obesity, it is also possible that individuals with a predisposition towards abdominal obesity tend to select low-activity occupations and leisure-time pursuits. Another major limitation is that the frequency, intensity and duration of OA were not measured in NHANES, nor was the energy cost of occupational tasks quantified. The occupations were classified as being of a generally high or low-activity level, as identified by an expert panel. If OA had been assessed as a continuous rather than a categorical variable, it would have allowed for a more precise analysis, and it would have likely strengthened the association between OA and abdominal obesity. In addition, physical activity measures in NHANES are self-reported and derived through in-depth interviews. Therefore, respondents may have reported higher levels of actual physical activity because of social desirability. A major strength of this study is that frequency, intensity and duration of NOA were reported within the survey making it possible to quantify the total volume of NOA. In comparison to previous research 9 that was restricted to bouts per week, we defined NOA categories based on frequency, intensity and duration of bouts to coincide with the PA guidelines for MET-minutes per week. This study provides further support that the total accumulation of physical activity, both at work and outside of work, is linked to adiposity. OA may have an impact on total daily activity, and sedentary employees who do not compensate for sedentary occupations by increasing physical activity during leisure-time are more likely to be classified with abdominal obesity.
The results of this study support the notion that everyone should be encouraged to engage in regular physical activity either through OA or NOA, because these data suggest both are inversely associated with abdominal obesity. Our results suggest that physically active occupations can reduce the likelihood of having a high-risk WC, especially for those who participate in insufficient or no NOA. For persons in lowactivity occupations who perform insufficient or no NOA, their likelihood of being categorized with abdominal obesity is much higher than those in high-activity occupations. Thus, for those individuals who work in LOA, there is an increased need to acquire physical activity through NOA to reduce the likelihood of abdominal obesity. As both OA and NOA are inversely related to abdominal obesity, researchers should measure OA to fully understand the role of physical activity in disease prevention.
